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Collaborative Study of the Rapid Determination of Moisture
and Fat in the Same Sample of Meat or Meat Product

JULIO D. PETTINATI and EDWARD H. COHEN!
Eastern Regional Research Laboratory, Agricultural Research Service,
U.S. Department of Agriculture, Philadelphia, Pa. 19118

A method utilizing azeotropic distillation
for determining moisture and fat in the same
sample of ground beef, frankfurters, or pork
sausage was collaboratively studied. The ap-
parent moisture content of these products,
determined by measuring the volume of con-
densate after 30 min distillation with cumene,
m-xylene, or ethylbenzene, was 1% lower than
that determined by method 24.003(a). The fat
content was determined by weighing the resi-
due from an aliquot of the extract taken after
30 min (ground beef and frankfurters) or 45
min (pork) distillation. The fat content of
ground beef and frankfurters, determined by
using all 3 solvents, agreed with results ob-
tained by method 24.005(a); results for pork
samples were about 1% low. Significant posi-
tive correlation (r = 0.99) was obtained for
both moisture and fat data with results from
the AOAC methods. Statistical evaluation of
the collaborative results for the 3 meat prod-
ucts, using the 3 solvents, led to expected
standard deviations, se, of +0.94% moisture
and +1.03% fat. Azeotropic distillation with
cumene, m-xylene, or ethylbenzene is useful
as a rapid screening procedure for determining
moisture and fat in meats prior to processing
or in finished products where rapid analysis is

more important than maximum accuracy and .

precision.

Many analytical techniques are available for
the determination of moisture or fat in meat and
meat products (1). For quality control and regu-
latory compliance, meat processors need a method
that will determine moisture and fat in the same
sample; the method should be rapid, relatively
accurate, and simple to perform. Use of available
rapid methods has been limited because the pro-
cedures have not been developed fully or evalu-
ated adequately. The AOAC methods (2), which

1 Present address: Office of Research and Monitoring, En-
vironmental Protection Agency, Philadelphia, Pa. 19106.

serve as standards for the meat industry, are
accurate but time consuming.

In seeking a suitable method, Cohen and Kim-
melman (3) evaluated azeotropic distillation. For
ground beef, frankfurters, and fresh pork sausage,
the most suitable entrainer-extractants of the 27
different solvents tested were m-xylene and cu-
mene. Pettinati et al. (1) reviewed the application
of azeotropic distillation for the determination of
moisture and fat in the food industry and con-
cluded that this technique showed promise as a
combined method which could be rapid, accurate,
and relatively simple to perform for a low initial
investment. This method allowed the moisture
content to be measured directly as condensate
volume in a calibrated receiver. The potential of
the method, therefore, was tested by means of a
collaborative study among 10 laboratories. Re-
sults were compared with those from analyses by
the AOAC moisture and fat methods, 24.003(a)
and 24.005(a), respectively.

Experimental
Apparatus
The laboratory equipment and reagents needed
for azeotropic distillation were described in ref. 4.
Containers with the fat residue can be cooled in a
desiccator before weighing. However, if rapid cool-
ing is desired, a cooling chamber (5) is needed.

Preparation of Samples

Samples of ground beef, frankfurters, and pork
sausage were taken from the same lots described in
the first report of this series (4).

Moisture Determination by Azeotropic
Distillation

For each determination, weigh 10.00+0.01 g
sample and use 100.02-0.1 ml solvent in boiling
flask. Use (1) cumene, (2) m-xylene, and (3) ethyl-
benzene (Baker reagent grade, if possible) for 6
replicate analyses of each sample, by each solvent,
respectively. After 30 min distillation read volume
of condensate to nearest 0.02 ml from receiver
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graduations, For pork samples, continue boling
solvent in flsk sdditional 15 min hefore proceeding
with fat determination,

Fat Determination

Use disposable pipet to eturn olvent layered on
water in distillation receiver to extract in bolling
flask. Cool flask and contents to room temperature
with tap water. Transler 20 ml liquot of extract
with elss A piped to taved tallform besker. Evapo-
rate solvent in well ventlated hood by placing
beaker on bot plate (ca 200°C) under stream of
nitrogen dirested on extract until only fa remains
{6-15 i, depending on boilng point of slvent).
Coal besker (in prechilled aluminum chamber or
precooled desiceator) o room temperature and
weigh residue as fat. Caleulate % fat = g fab X
5X 100)/10.

(Nole: To remove solvent from extract by distlls-
tion, transfer aliquot to suitable, tared vessel Dis-
1il all solvent untl only fst remains; cool sad weigh
vessel a5 in evaporation procedure.)

Results and Discussion

Tables 1-3 summaris the collaborators'results
from moisture determinations in 3 meat products

y aseotropie istlaions in cumene, mxylene,
and ethylbensene, Tables 4-6 summarise the
vesults for fat determinations i the same ssmples
Each tabl reports the means of§replicate analy-
s, the ranks of the means a3 & bassfor eollabo-
mators score, and the eror staisties calenlated
from the collaborstive results with the methods,
Because one collaborator (No. 10) did not repart
moisture data for cumene and m-ylene, Tables 1
and 21is only 9 means fo each mest productand
the possible range of collsboratons’seares is 3 to
%7 instead of 4 o 29, Results from Collsborator
10, which were consstenly low for maisture snd
consistently high for fat, suggest that  system-
stie error caused the differences, Data from Col
Iaborstor 10, therefor, were omitted from final
statstcal evaluation of the data in Tables | and
9 (moisture) and Tables 4-6 (at). Summary sta-
fstics shown in ll of the tables, xcept Table 3,
are presnted in 2 parts: intermediate reuls
calculated by using ll the data, and final reslts,
¢alculated by omitting outers, Numerical values
of 8,8, 0 sy calelated for the 3 meat produets
wete not proportional to grand mesns of moisture
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o fa; emor, therefor, were ot proportional fo
the lovel o fat and moisture in the products.
Average estimates of error for both moisture
(Tables 1-3) and fat (Tables 4-6) were higher
than those for the AOAC methods, sad, there-
fore, he resultng espected steadand erros calou-
Tated for all solvents were also higher. For mois-
ture, the value was about 15 times the value of
£08379% caleulatd for the AOAC method. For
fat, the value was about 2 times the value of
+05659% obtained for the AOAC method:

Bxpected Sid Brror
Solvent Moisture, % Fai, %
Cumene 0.9 101
m-Xyleze 0.81 1.09
Ethylbenzene 1.8 04
Av. 0.9 1.0

The resuls of analysis with each solvent, were
compared, by means of finear regresion, with
results from the AOAC methods given in refs.

4 (moisture) and 6 (ft); e Table 7. P-Values
showed that both moisture and fat results, with
any of the 3 sovents, diffred sigifcantly from
resuls by the AOAC methods at the 1% probe-
ity Jevel. Al sopes snd carrlation eneficients
approached 1000, For date on moisture, al
interoeps were negative, which suggeoted the
souree of the high Povalues. Appavently the
aaeottopic disillston method tended to under-
stimate moisture content by sn average of 1%
for al 3 products. Ror data on at,the fact that
all intercepts were postive while the slopes were
slightly e than 10 inisted that the mesn
{at values were determined quite accurately for
ground beef and frankfurter bt the values for
pork ssusge were nderestimated by about

15%.

Comments of Collaborators
Colsborator 3 flt hat the use of 8 hot plate
o evaporate the solvents was very time con-
suming, He found that, to prevent overheaing
fhe fa rsidues, consant attenion was requied



Table 7. Computations for comparison of rapid methods for analysis of meisture and fat

and official methods*
Values from linear regression Slope=1
o Intercept=0
Sum of Sum of
squares,  Com. squares,
Solvent Intercept ~ Slope S coeff 85 Falue
Moisture Analysis
Cumene -15% 1056 1.3 0.9% 80 6.91
m-Xylene -0.9 0.9 150 0.9% al 1.%
Ethylbenzene -0.1% 0.9% 16 0.98 %.6 it}
Fat Analysis
Cumene 0.8 0.949 2.3 0.9% 04 0.0
m-Yylene 13 0.4 28 0.5% U 860
Ethylbenzene 0.63 0.%0 . 0.% 0 9.9
* Data from Collaborator 10 omitted.
¥ Ml values are significant atthe 19 level,
to defermine the point at which all slvent was Acknowledgments
removed.He admitedthatthe method provided  The Associate Referes exprses his apprecia-
results more repidly than the offiial method but tion to the collaborators and their associates, ol

more analytial ime was requied sad, therefore,
he would not recommend this method.

Collaborator 6 mentioned that relatively high
boling tempersture of the solvents required eare
during evaporation of the extract to prevent fat
decomposition,

Gollsborstor § preferred acowralely weighing
about 10 g sample to weighing 1000:+001 g,
besause the former is les time consuming, He
also used receivers without solvent retur tubes,

Recommendation
It is recommended that the method deseribed
for determining moisbure and faf in the same
sample, which may be useful a5 a apid screening
procedure for meats prior fo procesing or for
fnished products where rapid analysis is more
important than maximum accursey and precison,

be adopted as offeial first action,

of whom were cited in the first report of this
series (4), for their cooperation and participation
in this study. Special thaaks are alo extended to
Virginia G. Metager, Brandt Kramer, and Ruth
D). Zabarsky of thislaboratory for their assistance
in processing the eollsborative data,
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